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INTRODUCTION

There has been in recent years an impressive growth in the rate of
investigations in the area of animal early experience.

Most of the

research suggests that early experience in the life of an organism
affects profoundly the behavior of the adult.

One of the most relevant

assumptions about the effects of early experience is that such effects
last throughout life or are even irreversible.
Beach and Jaynes (1954) have summarized the systematic research
on the effects of early experience upon subsequent behavior, and King
(1958)

has extended the summary in his analysis of relevant early

experience parameters.

Denenberg (19 62, 19 67) and Levine (19 62) have

prepared more recent analyses of the literature.
There are several variables that are considered relevant but three
of them appear to be especially important:

absence of stimulation,

age of early stimulation, and duration of stimulation.
Animals reared under conditions of reduced or restricted stimula
tion show poorer later learning in problem-solving situations than
animals not so deprived.

The age at which restriction is applied and

the duration of restriction appear to influence later adult behavior
and learning performance.
I.

Independent Variables in Early Experience Research
A. Absence of early stimulation:
Bronfenbrenner (1968) has hypothesized that early stimulus

deprivation of a particular modality leads to an impairment of a

1
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with respect to deprivation of auditory stimulation, form perception,
movements in space, manipulatory activity, tactual thermal experience
or light deprivation.
An illustration of the relationship between deprivation and
performance was demonstrated by Ganz and Riesen (1962) who studied
whether the stimulus generalization gradient to hue was present in
the macaque prior to experience with varied hues, and to what manner
stimulus experience might modify the gradient.

The results of the

study suggested that the dark-reared subjects had a poorer transfer
of the criterion-level discrimination, presumably indicative of some
generalization.
Melzack and Scott (1962) studied the ability of dogs to discrim
inate painful stimuli.

In two experiments in which the subjects

learned to avoid electrical shock, the restricted animals required
four times as many trials as the non-restricted subjects before they
made the appropriate response of avoidance.

The authors concluded that

severe restriction of early perceptual experience of dogs had profound
effects on their behavior at maturity.
Light deprivation in early experience has been used as an
independent variable that shows important effects on later behavior
in a variety of species:

chimpanzee (Riesen, 1947), cat (Riesen and

Aarons, 1959) and rat (Michels, 1958; and Gauron and Becker, 1959).
A very impressive number of experiments have shown that depri
vation of light does influence the behavior of the rat in adulthood.
Hebb (1947) in an early study dealing with the question of deprivational
effects indicated that "...visually directed responses of laboratory
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rats are not modified to a marked degree if the animals are prevented
from using their eyes during infancy" (p. 69 ).

Gauron and Becker

(1959) demonstrated that deprivation of sight or hearing from early
age results in impaired function of the particular modality in adult
hood.

These investigators concluded that neither eyes nor ears were

physically impaired.

Generally, interpretations of such behavior have

emphasized a limitation and impoverishment of sensory ability as a
function of early deprivational period and not the result of physio
logical impairment of the sense modality.
In a very important experiment, by Richard Tees (1967), light
and dark reared hooded rats were trained on a pattern discrimination
or on an "easy" or a "difficult" visual intensity discrimination.
The investigator found a highly significant difference for the visual
pattern problem between light and dark reared subjects.

The implica

tions of the findings are that the performance difference of the
deprived subjects was not due to a physical or physiological impairment.
B.

Age of early stimulation:
According to Denenberg (1967), the age when stimulation is

administered is crucial.

Handling the rat after weaning does not have

the same consequences as handling the rat during the first three weeks
of life (Levine, 1956; Levine and Otis, 1958).
Denenberg, Woodcock and Rosenberg (1968) using rats found
that Hebb-Williams problem solving behavior was improved more by free
environment experience during the second three weeks of life than
during the first three weeks of life.
Denenberg and Morton (19 62) and Schaefer (1963) indicate that
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stimulation before weaning appears to have its greatest effect upon
affective-emotional behaviors while stimulation after weaning is more
likely to modify cognitive functions.
Denenberg's observations are that preweaning stimulation has
impact upon an animal's emotional reactivity, its ability to learn
using noxious reinforcers.

However, handling has no effect upon

Hebb-Williams problem solving behavior.
C.

Duration of early stimulation:
Previous research has indicated that the variables of duration

can be varied anywhere from a brief period of exposure to an extended
and constant period.
The shortest treatment periods have been 1 day and 4 days
(Fredericson, 1951; Hall and Whiteman, 1951).

Long treatment periods,

according to King (1957 ), are very useful for studying the effects of
a particular kind of stimulation on a particular performance task.
King used a treatment of 25 days of exposure to mice immediately after
they were weaned.

He found that such period of stimulation had very

deleterious effect on adult behavior.
Eingold (1956) varied the duration of the treatment in an
experiment with rats.

The hypothesis tested was that enhancement of

the problem-solving ability of mature rats is a function of the amount
of the free-environmental experience and the age at which it is pro
vided.

Six experimental and one control group, consisting of fifteen

animals each, were used in the study.
used.

A split-litter control was

All groups, except the control, were placed in a large free-

environmental area containing playthings for 10 or 20 days at mean ages
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of 35, 55 or 75 days.

The control group was housed in standard

laboratory cages fitted with opaque sides.

Half of each group was

tested at 102 days of age and half at 127 days on an adaptation of
the Hebb-Williams closed field test.

The results indicated that

animals tested at 102 days of age did not differ from those tested at
127 days.

The author found that duration of exposure did not appear

as a significant variable.

However, this procedure permitted Eingold

to draw conclusions concerning the effects of the treatment with
different durations of exposure as well as the effects at different
ages.
II.

Dependent Variables in Early Experience Research
A method that has been used over the last twenty years in assess

ing the effects of early experiential conditions on later performance
is the Hebb-Williams closed field test.

This apparatus has been used

to quantify behavior as a function of systematic manipulation of early
environment.
The test consists of a closed field in which it is possible to
build different maze-problems.

It is used on the assumption that it

is able to objectify the relationship of early stimulation and later
performance.
In 1951, Rabinovitch and Rosvold refined and standardized the
problems that were used by Hebb and Williams in their original test.
The results of their study showed the ability of the instrument to
discriminate the effects of early environmental stimulation.
Normally reared rats were significantly inferior to those that were
exposed to enriched environments, but superior to those that were

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

6
brain damaged.
Hymovitch, in 1952, found that restriction of normal laboratory
stimulation produced effects on adult behavior of rats only if
administered early in life.
different environments:

He reared rats after weaning in five

normal cages, free environment boxes, mesh

cages, enclosed activity wheels and stovepipe cages.

The free environ

ment box provided extensive opportunity for experience with several
blind alleys, inclined runways, apertures, etc.

The mesh cages

restricted the space in which the rats could move but allowed con
siderable visual experience.
The study showed that rats reared in the free environment boxes
were superior on performance on the closed field test to those that
had been restricted to the regular cages.
According to Hymovitch, the difference between the free environ
ment groups and the restricted groups of rats could not be explained
on the basis of differential opportunity for muscular exercises, but
that the differential opportunities presented to the various groups
for perceptual learning were responsible for the results.
Cooper and Zubeck (i958) used the Hebb-Williams closed field test
with maze bright and maze dull rats.

These workers placed the subjects

at the time of weaning into one of three environments:

a Hebb-type

enriched free environment with bells, slides, barriers, balls, etc., a
restricted environment consisting of a bare cage, and a normal laboratory
environment.
maze.

At the age of 65 days the subjects were tested in the

The results indicated that a significant difference was obtained

between maze bright and maze dull rats.

They also found that the
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restricted conditions had a very deleterious effect upon the maze
bright rat but little effect upon the maze dull animals.
In 1968, the Hebb-Williams closed field test was used by Robert
Brown as a method of measuring problem solving behavior in Long Evans
hooded rats.

The subjects were raised in a variety of environments:

1)

a complex environment (CE), 2)

3)

a simple environment (SE), 4)

a restricted environment (RE),
an environment with barriers (EB).

The complex environment consisted of cages with different colored
walls, geometrical figures, and blocks of various sizes and shapes.
The restricted environment and the simple environment were empty
cages except for food hoppers and drinking tubes; the difference
between them was that restricted environment cages were 2/3 smaller
than the simple environment cages.

The environment with barriers

resembled a Hebb-Williams closed field test situation.
The results of the study showed that rats raised in RE or
restricted environment were inferior in performance to rats raised in
CE or complex environment.

Hearing condition did not affect total

amount of exploration in a strange situation but did affect the
pattern of exploration.

Brown observed that when the closed field

was rotated between trials from the onset of training, no significant
differences were found among groups.

The differences between

restricted and non-restricted subjects were ascribed to greater use
of extrafield cues by animals raised in a complex environment, in
a simple environment and an environment with barriers.

Under rotation

of test, SE subjects performed more poorly on visual problems than
subjects raised in either small environments or larger environments
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containing structures (environments with barriers or complex environ
ments), an inferior performance taken as evidence for a disruptive
effect of rotation.
The literature does suggest that the nature and kind of visual
stimulation, or restriction of the environment during certain specified
periods of life may result in a lack of ability to respond adaptively.
The age at which the environment is experienced is an important
variable.

Postweaned rats who are reared in restricted environment

or absence of light show a more lasting and severe impairment in the
problem solving performance test.
The present study is a further attempt to analyze the effects of
certain variables on later performance of an animal.

Several questions

emerge that require additional experimentation.
One question refers to the interaction of light deprivation and
the kind of environment the subject has during that period of
deprivation.

It is plausible that an animal reared for a designated

period of time under standard cage may perform differently from an
animal raised in an enriched environment for the same period of
deprivation.
A further question is to ask whether or not the duration of the
treatment will affect the later performance.

It is conceivable to

assume that increasing the duration of deprivation can significantly
influence performance.
Furthermore, it is recognized that the variables of age, duration
and absence of light may interact to produce specific behavioral
effects.
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Therefore, the present experiment attempts to assess the effects
of several variables and their interaction on the performance in a
Hebb-Williams closed field test.

The effects of deprivation of

light are associated with those of housing arrangement, in terms of
enriched and non-enriched environments.

The period of life during

which the groups lived in deprivation of light are varied either 30
or 60 days, immediately after weaning.
General Hypothesis
The general hypothesis of this study was that rats that have been
reared in a non-deprivational environment would show more efficient
performance in problem solving than rats that have been reared under
deprivational conditions and the longer the duration of deprivation
the poorer the performance.
Specific Hypotheses
Specific observations were expected to be found:
a)

animals reared in deprivation of light will show significantly

poorer performance in a Hebb-Williams closed field test than animals
that were not deprived of light,
b)

animals reared in enriched environment will show significantly

fewer number of errors in a Hebb-Williams closed field test than those
that were reared in standard cages (non-enriched environment), and
c)

animals deprived of light during a period of 30 days will

perform significantly better than animals that were deprived for 60
days under the same living conditions.
These predictions, however, are open to possible qualifications re
suiting from the interaction of housing arrangements and deprivation of
light.
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GENERAL METHOD

The general method of the present study was to rear different
groups of male Sprague-Dawley rats in two kinds of environments for
specified periods following weaning.
Immediately following the experimental treatment periods, subjects
were tested in the Hebb-Williams maze.

The two general techniques of

varying early experience were deprivation of light after weaning and
rearing in two different types of housing environments.
Subjects
Sixty male Albino Sprague-Dawley rats were obtained from The
Upjohn Company, Kalamazoo, Michigan, and housed in the Psychology
Research Laboratory of Western Michigan University.

Animals were 21

days old when they were brought into the laboratory.
Apparatus
1.

Housing:

The housing arrangements were varied according to

different environmental conditions:
a.

Experimental Group A - Standard Caging: This group of

animals was deprived of light and individually placed in rectangular
cages which in turn were housed within a larger box.

These animals

were kept in that condition for a period of 30 days*.
The cages were standard laboratory cages with solid metal
sides and back and front walls of wire mesh.

The measurement of each

container was 20 x 30 x 25 inches.

*0ne animal died after 3 days.

The total was reduced to seven Ss.

10
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The outer box that housed these cages was made of wood
measuring 90 x 85 x 40 inches.
of drywall.

The walls, ceiling and door were made

The box was painted inside with black flat paint.

At

the back wall two blowers were attached in order to supply air into
the box.

The blowers also supplied a constant noise source.

The

front door was movable in order to facilitate cleaning the rack and
feeding the animals.
b.

Figure 1depicts the box.

Experimental Group B - Standard Caging:

This group of

animals had the same housing arrangement and deprivational conditions
of group A, but with the treatment lasting for 60 days**.

Figure 2

illustrates the standard cage.
c.

Experimental Group C - Enriched Caging:

This group

of

animals was deprived of light and placed in an enriched environment
for a period of 30 days.

For this study enrichment is defined as a

standard cage with two partitions set at right angles to the walls of
the cage.
of

3x

Each cage was 20 x 30 x 25 inches with wooden partitions
5 inches.

d.

Figure 3 illustrates the changes in cagedesign.

Experimental Group D - Enriched Caging:

These animals

were housed and deprived of light in the same way as group C.

The

only difference between group C and group D was that the latter was
kept

in those conditions for a period of 60 days.
e.

Experimental Group E - Standard Caging:

These animals

were individually housed in standard cages for 30 days, but were not
deprived of light.

The Ss were kept in a normal laboratory environ-

**0ne animal died after 3 days.

The total, was reduced to seven Ss.
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Figure 1.

Shows the large box that housed groups
A, B, C and D during periods of light
deprivation. It also shows the two
blowers attached at the back door
supplying air into the box.
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Figure 2.

Shows the standard laboratory cage
with solid metal sides, and back and
front walls of wire mesh.
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mcnt:

lights, sounds, people walking or talking, other racks with

rats, and windows that permitted sunlight during several hours.
f.

Experimental Group F

- Standard Caging: These animals

were arranged similarly as group E remaining in that condition for a
period of 60 days.
g.

Experimental Group G

- Enriched Caging:

animals was housed in individual containers.

This group of

The cages were 20 x

30 x 25 inches and had small wooden partitions as shown in Figure 3.
The Ss were housed for 30 days in a normal laboratory environment, as
described for group E.
h.
were housed

Experimental Group H

- Enriched Caging:

These animals

similarly to those of group G, remaining in such condi

tions for 60 days.
The animals of all groups were on ad lib food and water
schedules.

The treatment and testing rooms were kept at 1 2

°

F.

Table I summarizes the housing arrangements and duration of
treatments for the 8 subgroups.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Figure 3.

Shows the maze cage with small wooden
partitions.
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TABLE I.
Summary of the housing arrangements and duration
of treatment for the 8 experimental subgroups.

Experimental
Groups

Number of
Subjects

Type of
Treatment

Duration
of Trea
DAYS
30

Group A

8

light deprivation
standard caging

Group B

8

light deprivation
standard caging

60

Group C

8

light deprivation
enriched caging*

30

Group D

8

light deprivation
enriched caging

60

Group E

7

normal laboratory
environment**
standard caging

30

Group F

7

normal laboratory
environment
standard caging

60

Group G

7

normal laboratory
environment
enriched caging

30

Group H

7

normal laboratory
environment
enriched caging

60

★Enriched caging or enriched environment is defined as a
cage with two partitions set at right angles to the walls
of the cage.
★★Normal laboratory environment is defined as lights, sounds
of several sources, people walking or talking, other racks
with rats, and windows that permitted sunlight during
several hours.
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2.

Testing: The problem solving ability of the rats was

measured by the closed field test developed by Hebb and Williams
(1946) and standardized by Rabinovitch and Rosvold (1951).
According to Hebb and Williams, this apparatus was designed
in order "...to maintain a familiar environment, minimize timidity,
and avoid the rat's having to learn each time where the food is...The
surface is unpainted, and is surrounded by walls four inches high of
unpainted white pine.

The whole area is covered with a hinged wire

screen which can be lifted at one side to insert barriers in the
field.

The enclosure so made is 30 x 36 inches in size, with four

inches between floor and screen.
barriers are placed on edge.

In this space movable wooden

They are made of 1/2 x 4-inch pine,

painted black to contrast with the unpainted floor and the fixed
walls surrounding the field.

The 4-inch pine extended, of course,

from the surface of the table to the screen above, so as to prevent
the rat from climbing over the barriers.

In this way a large number

of simple Umweg situations are presented without any change of
surroundings" (page 60).

Figure 4 illustrates the basic arrangement

of the apparatus.
The measurements of the barriers were as follows:

1 barrier,

24 inches long; 1 barrier, 15 inches long; 1 barrier 14 inches long;
3 barriers, each 10 inches long; 2 barriers each, 19 inches long; 1
barrier, 18 inches long; and 2 more barriers, each 5 inches long.
To prevent the barrier from moving once the screen cover is
fastened down, a 3/4" brad with head cut off is put into the top of
each barrier at each end so it engages the mesh of the screen top.
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Figure 4

Shows the Hebb-Williams closed field
test apparatus with the entrance and
water boxes.
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The floor of the apparatus was divided into 36 ( 5 x 5 inch)
squares marked off with red adhesive tape.
Procedure
1.

Housing:

Once the Ss were placed in their living arrange

ments they were not handled until tested in the closed field test.
2.

Testing:

On the basis of Hebb and Williams' research,

Rabinovitch and Rosvold standardized 12 problems.

From these pro

blems, six different items were randomly selected in order to test
the Ss in the present experiment.

Figure 5 illustrates the 6 problems

showing the various floor plans.
Water with 20^ saccarine was used in the goal box.

Subjects

were daily deprived of water for 12 hours before testing.
At the end of the designated treatment period (30 or 60
days) each subject was tested on all six problems.

Two trials per

problem were given on each of five successive days.

Operationally

defined, a trial was terminated when either the animal entered the
goal box or remained in the maze for a maximum of 10 minutes without
entering the goal box.

If the animal entered the goal box it was

removed after 30 seconds during which time it was allowed free access
to the saccarine solution.

Testing began when the animals were

released from the start box after a delay of 15 seconds.
After completion of the first trial the animal was returned
to his cage.

It was not returned for the second trial until after

all other animals in the group had been tested on trial one.

As

soon as one problem was completed the animals were tested on the second
one and so on until the six problems were administered.
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Error and error zones: An error was scored each time an animal'
two forefeet crossed into an error zone-

The error zones are

indicated in Figure 5 by the broken lines.
On each test problem, the animal's score was the total number of
error zones entered.

Time was not recorded.

Where a blind alley contains two error zones (two broken lines),
no error was scored if the animal emerged from the alley through the
first error zone.
However, if an animal, having emerged from an error zone with
both forefeet, turned about and went back a further error was scored
The total number of error zones entered by an animal in the six
test problems was the animal's score on that problem.
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RESULTS

The general assumption of the present experiment was that early
experience would have significant effects on later behavior of the
rat.

It was specifically hypothesized that rats reared in an enriched

environment would show more efficient performance in problem-solving
than rats -reared under a standard environment.
It was further hypothesized that animals reared in a normally
illuminated laboratory environment would show significantly fewer
errors in the closed field test than animals reared under conditions
of light deprivation.
The duration of the experimental rearing arrangements was hypoth
esized to have influence on the performance in the Hebb-Williams
closed field test.

It was expected that animals deprived of light

during a period of 30 days would show significantly better performance
than animals so deprived for 60 days.
Table II presents a summary of the analysis ofvariance.

It

can be seen that animals that had light deprivation experience early
after weaning were significantly inferior to those that were not so
deprived.

This factor of light deprivation was significant at the

.05 level (F = 9.1454; df = 1; P < -05).
When the factor of housing arrangement wasanalyzed

itwas found

to exert a significant influence on the performance in the HebbWilliams test.

Animals reared in standard environmental caging were

significantly inferior to animals reared in enriched environmental
caging (F = 7.1819; df = 1; P < .05).

22
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TABLE I I .

Summary of analysis of variance

Source

SS

df

MS

F

Deprivation
of light (A)

255376.84

1

255376.84

9.1454*

Housing
arrangement (B)

200547.37

1

200547.37

7.1819*

6392.56

1

6392.56

A x B

145053.83

1

145053.83

A x C

1640.28

1

1640.28

.0587

B x C

4277.30

1

4277.30

.1531

A x B x C

2575.09

1

2575.09

.09 22

1396195.06

50

27923.90

Duration of
experimental
rearing arrange
ment (C )

ERROR

.2289

5.1946*

*P < .05
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The AB interaction (light deprivation - housing arrangements)
irrespective of duration of treatment was found to be highly signifi
cant at the .05 level (F = 5. 1946; df = 1; P < .05).
The expectation that duration of light deprivation would materia
affect performance was not confirmed.

No significant differences

were obtained between those animals reared for 30 days and those
animals reared for 60 days.

Furthermore, AC (light deprivation -

duration) and BC (housing arrangements - duration) interactions and
ABC (light deprivation - housing arrangements - duration) were not
significant.
Table III shows the mean error scores and standard deviations fo
each experimental group based upon the total number of errors over
six problems.
Table III also indicated that groups raised in normal laboratory
environment (E, F, G and H) performed with fewer errors than groups
raised in deprivation of light (A, B, C and D).
With regard to the effect of housing variable on general per
formance one can see that enriched caging groups (C, D and G, H)
performed better than standard caging groups (A, B and E, F).
The hypothesis that animals reared in a normal laboratory
environment and under enriched caging would perform superior to all
other groups is evident by the results obtained by group G.
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TABLE III.
Mean error scores and standard deviations
for each experimental group based upon the
totaL number of errors over six problems.

Light Deprived

Standard
Caging

A*

B**

Normal

Enriched
Caging

.aboratory Environment

Standard
Caging

Enriched
Caging

C

D

E

F

G

1!

761

1164

174

242

205

197

152

127

311

239

297

366

178

185

230

275

146

641

293

349

166

278

377

413

472

282

121

190

194

258

186

215

694

568

457

323

425

210

127

347

386

198

393

236

579

116

164

376

491

520

158

195

207

411

223

151

-

-

238

335

-

-

-

-

465.8

516

266.3

279.5

279.1

236.4

208.4

272

213. 1

334.3

117.2

71.4

159.2

93.1

83.05

111.7

★Groups A, C, E and G refer to 30 days treatment.
★★Groups B, D, F and H refer to 60 days treatment.
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Experimental

in ves t iga t ions over the past

few years have generated

enough information so it can be stated with confidence that early
experience can have significant

effects on later behavior.

extent and kind of influence depends

The

to a considerable degree on the

interaction between the organism and his environment.

If such

interaction between the organism and his environment occurs at an
early age through changes in the environment,

the later behavior of

the organism may be modified.

Levine (1958 ) has proposed a classification of techniques that
have been used in changing the environment in laboratory research.
He states that when the technique employed in the laboratory consists
of imposing stimulation upon an animal, for a very short period of
time, from an external source, the change is considered physical.
This type of stimulation can produce a very severe modification which
is dependent upon the intensity of the physical change.

On the other

hand, if the environment is experimentally structured in a way that
involves permanent changes in the general living conditions of the
animals, for a very long period of time, then this modification may
be considered as environmental rather than physical.
The present experiment followed this second approach in which
animals were reared after weaning for relatively long periods of
time in different experimental environments.

The absence of light,

the duration of experimental treatments and the housing arrangements
were the main independent variables studied.
26

The general assumption
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was that such environmental changes in early life would be constant
and enduring and vary markedly in the degree to which they influence
later behavior.
Within the design of the present study, the results have suggested
the hypothesis that early environmental manipulation in post-weaned
rats affected their problem solving performance in the Hebb-Williams
closed field test.
firmed:

1)

The study's specific hypotheses were also con

light deprivation had a deleterious effect on later

behavior and 2)

enriched caging significantly facilitated the

animal's performance in the Hebb-Williams maze.
It was demonstrated that the duration of experimental treatments
had no significant influence on problem solving performance.

Animals

maintained under experimental conditions for a period of 60 days were
not significantly different from animals comparably maintained for
30 days.

No significant interactional effect was found when duration

was analyzed in terms of the combined influence of absence of light
and type of caging.
The fact that animals reared in deprivation of light but in
enriched environment scored fewer errors than light deprived group
reared in standard caging might indicate that a form of non-visual
perceptual learning took place.

It might be hypothesized that such

differences can be explained on the basis of kinesthetic cues, although
the study does not provide any independent neurological or chemical
evidence for such cues.

It is inferred that being reared in an

enriched caging the animal is required to execute responses, e.g.
body turns, climbing, turning to the left or the right, etc., which
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were not required of Ss reared in standard cages.

Probably, the

maze caging provided training in dealing with specific stimuli which
were also present in the test situation.

The apparent similarity of

the rearing and testing environments provided the basis for transfer
of the kinesthetic and proprioceptive cues.
The test problems required the development of certain patterns of
movements and orientational cues toward the goal.

In the housing

conditions the animals reared in an enriched environment but in
deprivation of light probably developed similar responses, making
therefore, the maze learning easier in the closed field test.
The hypothesis that animals who were reared in enriched cages had
acquired appropriate behavior which facilitated later performance in
the Hebb-Williams maze is not untenable in light of the data obtained
in this study.
Hymovitch (1952) postulated that animals use cues beyond the
problem box to a greater extent if the subjects are reared in a
"wider sensory environment", which allows the animals to be exposed
to a variety of visual stimulations and distance cues.

This explana

tion fits the findings of the present study in which groups that were
not deprived of light and in enriched environment had the fewest
number of errors in the test.
Those animals that were living in light, irrespective of housing
arrangement, presumably, were exposed to the kind of cues - e.g.
lights, sounds, etc., and had acquired those behaviors which
effectively facilitated their performance in the maze.

The light

deprived Ss did not have as much opportunity to develop the sensory
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cues or learn those behaviors considered important in learning the
test problems.

The data support this conclusion:

animals reared in

normal laboratory environment behaved significantly better than
animals reared in light deprivation.
It might be concluded that being reared under conditions here
defined as enriched environment provided better opportunities for
perceptual learning.

This process of perceptual learning appears to

be crucial during the pre- and immediate post-weaning periods of life.
In the present experiment the animals were subjected to specific
environmental manipulations immediately after weaning.

The lack of

significant differences between the 30 and 60 day groups would tend
to support the idea that the effects of sustained environmental
manipulations would be more critical when they occur early in the
developmental history of the subject.

It remains for further research

to examine more precisely the effects of specific environmental
control on pre-weaning subjects.
The present study substantiates the notion that the Hebb-Williams
closed field test is a reliable instrument for measuring the differen
tial effects of early stimulation in the rat.

It supports the finding

of Rabinovitch and Rosvold (1951), Hymovitch (1952) and Robert Brown
(1968).
The Hebb-Williams closed field test proved to be a simple,
practical and economical test for measuring problem solving performanc
in the rat.

Another important attribute of the test is that behavior

could be observed objectively and the performance could be quanti
tatively analyzed in terms of operationally definable behavior.
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SUMMARY

The present study was an attempt to analyze the effects of
deprivation of light, enriched housing arrangement and duration of
experimental treatments on later problem solving behavior.
It was found that rats that were light deprived showed a signif
icantly less efficient performance in the Hebb-Williams closed
field test.

It was also found that rats reared in an enriched caging

had significantly fewer errors than those reared in standard caging.
Duration of treatment had no significant influence on the problem
solving performance within the limits tested in this study.

No

significant interactional effects between duration and light depriva
tion, and duration and housing were found.

However, significant

interactional effects were observed between light deprivation and
housing variables.
The results would suggest that animals reared in light presumably
acquired behaviors that made learning in the Hebb-Williams maze easier
in relation to extra field cues that were previously present in their
rearing environments.
It was further postulated that the performance differences between
experimental and control groups on the housing variable might be
attributed to the acquisition of non-visual perceptual learning.
Animals reared in enriched caging but deprived of light developed
kinesthetic and proprioceptive cues which facilitated their performance
in Hebb-Williams closed field test.

30
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